In a country such as India, food grains, fruit, vegetables, meat, poultry and fish, are very susceptible to microbial contamination and spoilage and require stringent preservation methods. One such method is by the use of a chest freezer for the storage of frozen food. This investigation considers different loads and design parameters for the development of a chest freezer using R134a as the working fluid. Experimental designs of an evaporator coil, condenser coil and capillary tube are investigated through the development of storage periods in terms of steady state and cyclic performance, by optimising the quantity of refrigerant charge, with strict adherence to the standards and requirement for maintaining an internal temperature of -23 °C at 43 °C ambient. Cyclic load performance tests optimise the performance of individual components selected for the design of a chest freezer. The system selection has a highly balanced performance with R134a and showed 118 kJ/kg cooling capacity with 8.42 coefficient of performance (COP). By the replacement of R134a, temperatures of -23 °C are maintained inside the freezer cabinet with low power consumption and an increase in the net refrigerating effect, which in turn increases the COP. The system design has optimum efficiency with moderate costs by optimising the length and diameter of the evaporator coil, i.e., 34.15 m and 7.94 mm, respectively.
INTRODUCTION
CFC12 is the most commonly used refrigerant in small hermetically sealed systems. This is because of its high stability, excellent thermodynamic properties, low index of compression, which makes it suitable for use at extreme pressure ratios and good motor winding cooling characteristics (Lee and Su, 2002; Akash and Said, 2003) . HFC134a (tetraflouroethane) is considered to be the most preferred substitute for R12. HFC134a has a 6% higher capacity at 50 °F evaporating temperature and 6% higher at 0 °F evaporating temperature. Thus, for the same amount of subcooling R134a produces a greater refrigerating effect. The use of oil in an R134a system requires a very stringent quality control. It is not soluble in mineral oil and thus, for R134a POE (ester based) oils are used. This refrigerant contains no chlorine atoms and therefore has negligible ozone depletion potential (Avinash et al., 2005) . Most commercial freezers, such as: chest freezers, bottle coolers, visi coolers, display cabinets, water coolers and walk in coolers use R134a and R12 as the refrigerant. Estimated annual production of commercial refrigerated cabins (chest freezers, display cabinets, bottle coolers and visi coolers), water coolers and walk in coolers in India is about 40,000, 27,000 and 500 units, respectively. Small and medium enterprises (Ministry of environment and forest, 2005) manufacture about 80% of these units. Theoretical and experimental studies carried out with an HFC mixture composed of R152a and R125 at different weight percentages (80:20, 85:15 and 90:10) as an alternative to R12 in a domestic refrigerator, reported that the discharge temperature of the mixture was slightly higher than that of R12 (He et al, 2005) . Xuan and Chen (2005) experimented with a ternary mixture R161/R125/ R143a (10:45:45 percentage by weight) and reported that the physical properties of the R161 mixture are similar to those of R502 with environmental properties less than those of R502 and R404A. The coefficient of performance (COP) of the R161 mixture is equal to that of R404A at low evaporator temperatures and its discharge temperature is slightly higher than R404A. The COP of the ternary mixture was greater than R404A at higher evaporator temperatures, while its discharge temperature was lower. Baolian and Zhang (2006) reported that a binary mixture composed of R744 and R290 at 71:29 mole fractions, used as an alternative to R13 in a cascade refrigeration system, has a greater COP and capacity. The performance of a 280l R134a-based domestic refrigerator with liquefied petroleum gas (LPG) composed of R290, R600a and R600 (60:20:20 by mass fraction) as an alternative (Fatouh and El Kafafy, 2006) . Experimental investigation with R407C with 10% and 20% HC blend composed of 45% of R290 and 55% of R600a (by weight) as an alternative in window air conditioners without changing the mineral oil (Jabaraj et al., 2006) . It has been reported that a 19% increase in the length of the condenser tube is required to suit these mixtures compared with R22. Experimental results reported that R407C with a 20% HC blend was found to be a promising alternative to R22 in window air conditioners, without changing the mineral oil. Calm (2006) has investigated 28 different pure refrigerants for chiller applications and reported that R123 currently remains the best option for a reduction in the substantial global warming contributions from chiller and air conditioning applications. R123 has low ODP and very low GWP, very short atmospheric lifetime and the highest energy efficiency of all the current options. Experiments were conducted with two pure HC refrigerants (R1270 and R290) and three binary mixtures of R1270, R290 and R152a as alternatives to R502 in low temperature refrigeration applications, having 9.6-18.7% higher capacity with 17.1-27.3% higher COP. The compressor discharge temperatures were similar, whilst those of all the other refrigerants were 23.7-27.9 ºC lower than that of R502. The charge requirement was reduced by 60%. The above alternatives offer better performance than R502 and due to their excellent environmental properties, can be used as long-term substitutes for R502 (Park and Jung, 2007) .
R12 is the refrigerant used in refrigerators manufactured before 2000. To fulfil the objectives of the Montreal protocol, R12 has to be replaced by either hydrocarbon mixtures or R134a/hydrocarbon mixtures without modification to the existing system (Mohanraj et al., 2009) . A review work done by Poggi et al. (2008) examined the relationship between the system architecture, the cooling capacity and the refrigerant charge of the system. It established that the ratio of the cooling capacity versus the refrigerant charge depends on the size of the components; moreover, the amount of refrigerant charge is influenced not only by the volumes of the heat exchangers but also by the volumes of the accessories (piping, accumulators, dryers, receivers, filters). For small refrigeration systems, the accessories could greatly influence the system volume and at the same time, the system architecture and the refrigerant charge can influence the performance of the system. In the literature, it is possible to find several experimental and modelling/simulation works regarding the relationship between the refrigerant charge and the performance of the system. These works mainly relate to the heat pump and air conditioning systems but little work is available for chest freezers. The present work investigates freezers working under low temperatures for the storage of frozen food, using a reduced refrigerant charge quantity in the evaporator coil, in order to achieve better system performance.
Chest-type freezers:
A chest freezer is nothing but a storage unit for frozen food, such as: meat, poultry, fish, prawns, some vegetables and some fruits. The chest-type freezer provides the most economical type of food freezing mechanism, as shown in Figure 1 . The cooling load on refrigerating equipment seldom results from any one source of heat but is the summation of the heat evolving from several different sources. The total cooling load can be divided into four separate loads: the wall gain load, the infiltration load, the product load and the miscellaneous load (Kalyani Radha, 2004) .
Cooling Load Calculation:
The cooling load on refrigerating equipment seldom results from any one source of heat but is the summation of the heat evolving from several different sources (Andrew et al, 2005) . Some of the more common sources of heat that is supply the load on refrigerating equipment.
The design procedure is considered as: 52% heat loss due to walls = 89.67 W 30% heat loss due to gaskets and air change load = 24.63 W and 35.64W 18% heat loss due to foodstuffs, heat loss due to defrosting radiant heaters, fans, and thermostat, heat loss due to miscellaneous = 43.53 W The total load is the sum of all the above loads. 
EXPERIMENTAL SETUP AND METHODOLOGY
The design of the experimental setup is as per the load calculation, selection and optimisation of equipment for a 400 L chest freezer (specifications in Appendix). The methodology starts with selection of a compressor according to the load calculation, optimum design for other equipment, such as evaporator coil, capillary tube and condenser coil and optimisation of the refrigerant charge quantity in order to be able to withstand break-down conditions.
SELECTION OF EQUIPMENT Selection of a Compressor:
The required compressor capacity must be determined from the cooling load calculations. General practice is to select a compressor that has a capacity equal to, or somewhat in excess of the required capacity at the design operating conditions ASHRAE (1965, 1977) . To have a cooling capacity of 247.46 W from the percentage run time, in order to maintain a temperature of -23 ºC in a 400 L chest freezer, we selected a compressor from the compressor cooling performance curves, drawn between evaporating temperature and cooling capacity at 54 ºC condensing temperature. From Figure 2 , in order to maintain freezer compartment temperatures of -23 ºC, we require 255.81 W cooling capacities with a rated input power of 250 W. This capacity is more than the cooling load required. The compressor model is a Tecumseh, MLB 2410 series with 2.53 A rated current and 250 W of rated input power. 
OPTIMUM DESIGN OF EVAPORATOR COIL
The capacity of an evaporator is the rate at which heat will pass through the evaporator tubes from the refrigerated space or product to the vaporising liquid inside ASHRAE (1977, 1978 and 2001 ). An evaporator must always have sufficient capacity to produce the required load when operating at the design conditions. The evaporating unit capacity depends on air velocity and minimum dehydration of the product. This is mainly due to natural convection, which is a function of the temperature differential between the evaporator and the space; the greater the difference, the higher the air circulation. The shape, size and location of the evaporator and the placement of the stored product, greatly influences the circulation of air by natural convection within the refrigerated space (Ravindra, 2001) . The surface area, the value of U and the capacity of the evaporator depend upon the mean effective temperature difference between the cooling coil and the refrigerated space.
Determination of U factor (Dossat, 2006) Let t f be the mean film temperature, 
The equation for internal flow in the tubes is given by:
(5) = 310.8 W/m°K As the flow is turbulent, we have the equation for convection heat transfer coefficient as:
The overall heat transfer coefficient is given by the equation:
where, U = coefficient of heat transmission in the evaporating region, W/ m The mean effective temperature difference is calculated by:
where, TM = mean temperature inside freezer, ºC TE = Evaporator temperature, -30 °C from ASHRAE It is assumed that the evaporator temperature is maintained at 7 ºC below the temperature maintained inside the freezer cabinet. 
OPTIMUM DESIGN OF A CAPILLARY TUBE
In order to select the proper size valve, the following data are necessary: the evaporator temperature, the system capacity and the available pressure difference across the valve ASHRAE (1977 and 1978) . In general, the first two factors determine the required liquid flow rate through the valve, whereas the third determines the size of orifice required to deliver the desired flow rate; the flow rate through the orifice being proportional to the pressure differential across the valve (Dossat, 2006; Stoecker, 2009) . When the available pressure difference across the expansion valve has been determined, a value should be selected from the manufacturers rating table that has a capacity equal to, or slightly in excess of the system capacity at the system design operating conditions. This can be only achieved by testing.
The Darcy Friction Equation gives the pressure drop:
where: ∆P = drop in pressure in capillary Lc = length of the capillary Dc = diameter of the capillary From the P-h chart, ∆P1 = 0.668 bar and ∆P2 = 12.38 bar, f = 0.004, g = 9.81 m/sec 2 . From ASHRAE, the recommended velocity of flow for the discharge and suction pressure, v = 3.67 m/sec, therefore ∆P = 11.71 bar. From ASHREA standards, for a pressure drop of 11.71 bar, the dimensions should be D = 0.79 mm, L = 3.963 m.
OPTIMUM DESIGN OF A CONDENSER COIL
While designing the actual refrigeration cycle (Ravindra, 2001) , the condenser load is expressed by following Eq. (14). However, the required capacity is 197.97 W, which is more than the refrigeration load, so in designing the condenser coil we have to consider this load to be the refrigeration load, as this increases the load on capacity of the condenser coil. 
where F = correction factor depending on the R and P values.
Therefore, 447.97 W of heat should be removed from the condenser coil. As it is difficult to remove the total amount of heat through natural convection, we employ a condenser fan placed in front of an auxiliary condenser and the rest of the condenser coil is attached to the outer shell of the cabinet. 
RESULTS AND DISCUSSION

Optimisation of Refrigerant Charge Quantity
The system is first charged with 400 g of charge as per the compressor specifications and then the system is tested for stabilisation of temperatures (Kalyani Radha, 2004; ASHRAE 2005) . Every 4 h, 10 g of charge is purged from the system and each time it is tested for stabilised conditions. Figure 3 shows that a 320 g of charge is sufficient to maintain the required stabilised temperatures inside the freezer cabinet at 1.89 A and a rated input power of 190 W. 
No Load Pull Down Test
The system is run for about 4 h without the thermostat in the refrigeration cycle. After achieving a steady state, the performance is analysed between temperature and time ( Figure 4) . It is achieving a steady state requires 1.772 A at a rated input power of 198W. 
No-load Cycling Test
The system is run keeping the thermostat in cycling mode in the refrigeration system. As the temperature reaches -23.5 °C the compressor stops, which is called the cut-off time and as the temperature inside the cabinet reaches -20 °C the compressor starts, which is called the cut-in time; taking the power and maintaining the temperature inside the cabinet at stabilised conditions. The system is run for 5 h and its performance is analysed ( Figure 5 ).
Cut 
Load Pull Down Test
The system operates for 24 h at full load conditions. From Figure 6 , we can say that the system achieves steady state conditions after 16 to 18 h. The suction pressure is 0.66 bar and the discharge pressure is 12.38 bar, which takes almost 1.83 A of rated current and 215 W of rated power. This would be the maximum power required to pull down the total load from the cabinet. 
Load Pull Up Test
After the system runs continuously for about 24 h the supply is switched off. The temperature of all the side packets are noted until one packet reaches -9 °C, which is the temperature when the loaded product inside the freezer just starts crossing its freezing point and if continued further, the product begins to be damaged. The total pull up time = 8 h. This is the time required to store the product without any spoiling inside the freezer at power off conditions (Figure 7 ).
If all other parameters are kept the same but we change the refrigerant from R12 to R134a, temperatures of -23 °C can be maintained inside the freezer cabinet, at 43°C ambient, with low power consumption and an increase in the net refrigerating effect, which in turn increases the COP by 4.25% . The refrigerant charge quantity is reduced by 29.4% with an increase in performance during breakdown conditions. The optimised evaporator coil length and diameter are 34.15 m and 7.94 mm, respectively. The two refrigerants are compared, as shown in Table 1 . 
CONCLUSION
In the design of the refrigeration system for a freezer, rigid standards are maintained so as not to have any compromise with the quality and flexibility of the system. The system is designed for optimum efficiency with moderate costs; efficient equipment design will result in energy savings, which reduces the running costs. The performance of the total system can be enhanced by removing dust particles or contaminants from the system. Placement of the freezer also plays a major role in reducing the load on the system. If exposed to the higher temperatures, the greater will be the capacity requirement and power requirement. Future work would be the development of an even more energy efficient freezer for working at different ambient conditions and with alternative refrigerants, which is more economical and more feasible at breakdown conditions. In addition, a new chest freezer model is to be designed, maintaining the freezing temperatures below 0 °F, at 80-95% relative humidity for the storage of frozen food. 
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